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1. INTRODUCTION
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Newly developed techniques for smooth switching
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Model Predictive Control (MPC) is one of the mostthe control strategies lead to a softly switched MP
popular control techniques thanks to its ability to (Brdys, et al., 2007; Brdyset al., 2004; Bryds and
efficiently handle state and control constrains and Wang, 2005; Grochowskigr al., 2004; Wanget al.,

deal with existing uncertainty (Kothawt al., 1996; 2005). This paper proposes a method of soft
Mayne ez al., 2000). In most cases, it is difficult or gwitching the MPC controllers taking full advantage
even impossible to handle full range of the system of Integral Control methodology in order to reject
operating ~ conditions by one universal control copstant and/or slowly varying disturbances.
strategy. Therefore, arises an idea to utilize seve  Kbreover, feasibility of controllers operating on t  heir
different control strategies and to skilfully switc  dwn and during the switching phase is guaranteed by
between them (Brdyser al., 2004; Brdys and Wang, utilizing the properties of invariant sets (Rossite T,
2005; Grochowski,et al., 2004; Wanget al., 2005). 2006; Wang,et al., 2005).

Given a plant to be controlled and a set of objecti The'€Spaper is organised as follows. Section 2
to be achieved the model predictive controller is formulates the control problem and presents the bas
defined by specifying the performance index definitions. General information about determining
(function) and constraints on the decision vector a  d invariant sets as well as the way of its utiliz
states/outputs of the plant. The constraints and jnto control process are presented in Section 2.
performance index express the control objectives. Section 3 derives the soft switching algorithm and
The MPC as such is then considered as a controlipyestigates the properties of resulting  Softly
strategy determined by the set of control objective switched robustly feasible model predictive

It is very difficult or even impossible to achieve  cortfoller. Finally, the derived controller is test ed
the worthwhile operational objectives during plant  pased on a simple second order dynamic system and
operation under wide range of the operating the simulation results are presented in Section 4.
conditions. Hence, it 1is impossible to handle

sufficiently well all the operating conditions of t  he 2. CONTROL STRATEGY

plant by using one control strategy. In order to be st

adopt the control actions to the actual and predict Tkl paper considers discrete state space model wit

conditions, different control strategies were desig
As the operating conditions vary the best control
strategy should be selected on line. The overall

nedadditive uncertainty as:

Xy = Ax, +Bu, +w,
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h
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where: w, is the disturbance input which values The MCAS is the set of states for which optimisatio n
belong ¢ a bounded setV. problem of considered control strategy is feasible.
Employed predictive controller with linear quadrati ¢T'he constraints (4-5) are fulfilled thanks to using a
cost function (LQ MPC) is extended by an integral d.o.f. on finite control horizon (Rossiter, 2003;
action what has enabled for minimizing the output Deinrych, et al., 2007):

tracking error (Deinrych,et al., 2007). Such an Mx, + Nc+Mref d (1)
approach for the system (1) leads to formulation: 0
X A 0] [x B W, The matrices M, N, Mref ad d fire Fhe result of
1= R 0 u, + system expansion. The usage of invariant sets of th e
Kiert E 1]|x Vref above form guarantees achieving optimisation
T A % B r 2) problem feasibility in deterministic case. In order to
x, guarantee the robust feasibility under presence of
Y =[E 0] ; uncertainty the invariant sets have to be replaced by
£ M their robust versions. One of the ways of designing

Control law is based on the feedback control robust invariant sets is adding an extra constraint S
resulting from solving the optimisation problem wit during the determination and computation of theses
the linear-quadratic cost function (Pluymers, 2005, sets taking into account existing bounded uncertain  ty
Rossiter, 2003} for instance by utilization of the Pontriagin
difference. Plant states at the end of the control
J(x;)= min {Z('%ikQ'%ik-{_ﬁikRﬁik)} 3 horizon must belong to robust MAS in order to
e Lo ensure control feasibility (Kerrigan, 2000; Deinryc h,

with respect t? COI;(StrAaiTg: | etal., 2007; Pluymerset al, 2005).
X N
A"k _ “) A single control strategy for system (1) is represe nted
Uy Ui {0,..., } (5) by: statend control constraints &, U), reference

where: lie X, U are compact polyhedral sets. This signals ), weighting matrices in the cost fgnction
approach is called the dual mode MPC. As a(Q.R) and control horizonH(). Therefore, the single

consequence, the control law is as follows: control strategy can be formulated as follows:
u, = le-+ Ci,.l. {O,...,HM 1} (6) Jnld(xk) :umll"} {Z(qu UIzl)'ei‘k +ﬁi‘k Ruldﬁik)} (12)
u = Kx,i {H,.., } @) o i=0
A old -
where the parameter K is the result of solving the ik X0 {0, ) (13)
cost funtion (3) on infinite control horizon (seco  nd ﬁi‘k Ui {o,., } (14)
mode of the dual mode MPC) and the degrees of o
freedom c¢ are the result of solving the quadratic Vi = Vre (15)
problem on the finite horizon to deal with constrai nts Wi‘k Wi {0,.., } (16)
(4-5). For optimal K (3) takes form: . M "
Hu 1 Xk MAS™ ~W*" a7
J(x,) =min Z ciTSDcci 8)
¢ i X" X,U U are compact polyhedral sets.

where S is a solution of Lyapunov equation Unfortunately, the control strategy described above

(Rossiter, 2003; Deinrychet al., 2007): does not guarantee an efficient plant control under
~ _ wide range of possible operating conditions (Brdys,
Q=B Bt R, = + Q KRK  O) 01 2007; Brdyset al., 2004; Grochowskigf al.,

Feasibility of the controller is guaranteed by util  iz#f§4). For a particular plant number of control

the invarint sets as the extra constraints in the Strategies can be distinguished. The desired (new)

predictive optimisation procedure (Deinrychet. al., control strategy is described as follows:

2007; Kerrigan, 2000; Kerrigan and Maciejowski, new . n newa A rynew A

2004). Two kinds of invariant sets are utilized to ‘(’io 1(tx" )_uol‘kr}.l.,r,} ;(xf\kQ Lik +ui\’<R ui\’f) (18)

(Gilbert and Tin Tan, 1991; Pluymers 2005):

o the MAS (Maximal Admissible Set) defined for H X0 ) (19)
system bsed on linear control law (7); ﬁi‘k u™,i {0,.., } (20)
e the MCAS (Maximal Control Admissible Set) new
based onthe control law (6) with active d.o.f. Yier = Yre (e2y)
parameters. Wy W0 {0, } (22)
The MAS presents the set of states for which the N new new
following equations hold: Y e MAS™ ~W 23)
Mx, d Mref (10) The switching moments, switching time and

where matrices M, d and Mref are the result of SWwitching method are the most important parameters
system expansion in order to satisfy constraints (1 @) be tuned in the soft switching mechanism,

(Deinrych, ef al., 2007; Szumski and Szczygielski, however they are not investigated in this paper. Pa per
2006). focuses on designing the switching algorithm that
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